Rat cytomegalovirus (RCMV) DNA was cleaved by restriction endonuclease EcoRI into 24 fragments ranging in mol. wt. from 34 x 106 to 0-20 x 106, of which 18 fragments could be cloned in plasmid pACYC 184. Restriction endonuclease XbaI cleaved the RCMV genome into 28 fragments, ranging in size from 44 x 106 to 0-81 x 106, of which 24 fragments were cloned in plasmid pSP62-PL. Among the restriction fragments that could not be cloned were two major terminal colinear fragments, EcoRI-A (34 × 106) and XbaI-A (44 x 106). Thus, the complete sets of recombinant plasmids spanned about 70~ of the RCMV genome. Our mapping results including determination of the termini of the genome, characterization of double digestion products of restriction fragments and cross-hybridization of BSS-labelled (cloned) EcoRI and XbaI fragments to Southern blots ofEcoRI-, XbaI-or BglII-cleaved RCMV DNA, allowed us to construct the EcoRI and XbaI restriction maps of RCMV DNA. Since no cross-hybridization between internal fragments was seen, it is concluded that the RCMV genome consists of a long unique sequence of 224 kilobases without internal inverted repeat sequences, which is similar to the structures of murine and guinea-pig CMV DNA but unlike that of human CMV DNA. In a minor population (approx. 20%) of the RCMV DNA, one terminus was found to be larger by 0.35 x 106 mol. wt. The nature of this fragment is unclear at the moment.
INTRODUCTION
, which belongs to the family Herpesviridae, is known to cause persistent and latent infections in man and animal. Particularly in immunocompromised hosts, CMV can give rise to a wide range of clinical manifestations and complications (Weller, 1980 ). An oncogenic potential of CMV has also been suggested (Boldogh et al., 1981 ; Nelson et al., 1982; Spear & Roizman, 1980) . In recent years our group has developed a rat cytomegalovirus (RCMV) model to study the immunopathology of persistent and reactivating RCMV infections in immunocompromised rats (Bruggeman et al., 1983 . Moreover, the RCMV model appears attractive for studying the mode of action of antiviral drugs . Recent biochemical studies (Meijer et al., 1984) have shown the basic characteristics of the RCMV genome (including restriction enzyme analysis and determination of its molecular weight, 138 x 106) and the structural proteins of virions and nucleocapsids. Studies on the appearance of major structural and non-structural RCMV-coded proteins (Meijer et aL, 1986 ) revealed a major immediate early 85K protein in virus-infected cells, which is in the same size range as found for murine CMV (Keil et al., 1985) and close to that of human CMV (Stinski et al., 1983) . Knowledge of immediate early genes of CMV and the properties of their expression products (RNA, proteins) is of crucial importance for understanding early transcriptional events leading to productive, persistent or abortive virus infections (Stenberg et al., 1984; Jahn et al., 1984) . autoradiography for 3 days at -70 °C using Kodak X-Omat AR film. In order to discriminate between hybridization to closely co-migrating restriction fragments present in the Southern blots, another procedure was followed. In this case, relevant heat-denatured restriction fragments (approx. 0-5 lag) were separately spotted onto a nitrocellulose filter and hybridized with the DNA probe of interest.
Identification of the termini of the RCMV DNA
Two different strategies were followed. Method 1. A synthetic DNA octomer bearing an EcoRI restriction site (obtained from Boehringer) was first end-labelled with [7-35S] ATP (65 pCi, 1000 Ci/mmol, New England Nuclear) in 40 ~tl of a reaction mixture containing 10 units of T4 polynucleotide kinase (New England Nuclear), 50 mi-glycine pH 9-0, 10 mM-MgCI2, 5 mM-dithiothreitol, 10 ~ (w/v) glycerol, 0.2 mM-spermidine and 15 Ixg linker. After incubation at 37 °C for 2 h, the reaction was terminated by incubation at 65 °C for 10 min. The labelled linker was blunt-end ligated to RCMV DNA (4 I-tg) in 25 ktl of a reaction mixture containing 20 mr, i-Tris-HC1 pH 7.6, 1 mM-MgC12, 10 mM-dithiothreitol, 20 mM-NaCI, 2 mM-ATP and 10 units of T4 ligase (Boehringer). After incubation at 4 °C for 48 hi the high molecular weight DNA with attached linkers was precipitated three times with ethanol, thus removing the majority of the unincorporated label and low molecular weight linkers. The end-labelled RCMV DNA was then digested with EcoRI or XbaI. After electrophoresis through 0"7~o agarose, DNA fragments were transferred to nitrocellulose filters as described above. After baking at 80 °C for 3 h, filters were sprayed with En3Hance (New England Nuclear) and autoradiographed on Kodak X-Omat AR film for 3 weeks at -70 °C. Following tentative localization of labelled restriction fragments, their exact location was determined by hybridizing filters with 35S-labelled RCMV DNA according to the procedures described above.
Method H. RCMV DNA (14 lag) was incubated at 37 °C with 10 units of exonuclease III (Bethesda Research Laboratories) in 140 Isl of the buffer recommended by the manufacturer. At different time intervals (0, 5 and 15 min) 45 ~tl samples were taken, diluted with 150 lal TNE buffer and extracted three times with equal volumes of chloroform-isoamyl alcohol (24:1). The DNA was ethanol-precipitated, solubilized in the appropriate restriction enzyme buffer and cleaved with EcoRI or XbaI. After electrophoresis in 0.7~ agarose gels, restriction patterns of untreated and exonuclease Ill-treated RCMV DNA were compared.
RESULTS

Restriction enzyme analysis of RCMV DNA
In Tables 1 and 2 we show the restriction fragments obtained after cleavage of RCMV DNA with EcoRI or XbaI. EcoRI cleaved the RCMV DNA into 24 fragments, ranging in mol. wt. from 34 x 106 to 0.2 x 106. Cloned and uncloned EcoRI restriction fragments were gel-purified and subjected to cleavage with XbaI, the results of which are shown in Table I . Surprisingly, EcoRI-A (34 x 106) was not cleaved by XbaI. However, cleavage of this fragment with BgllI generated eight fragments with mol. wt. of 10-3, 8.4, 4.2, 3.9, 3-7, 1.65, 1-25 and 1.0 , all x l06, giving a total mol. wt. of 34-4 x 106 for this fragment. Adding the sizes of all the EcoRI fragments ofRCMV DNA gave a total mol. wt. of 148.7 x 106. XbaI cleaved RCMV DNA into 28 fragments ranging in size from 44 x 106 to 0.81 × 106 (Table 2) . Double-cleavage products of these fragments with EcoRI are also listed in Table 2 . Surprisingly, XbaI-A (44 x 106) had only one EcoRI restriction site, but was readily cleaved by BglII, which generated 10 fragments with sizes of 10.3, 8-4, 6.4, 4.2, 3.9, 3.7, 2.3, 2.1, 1.65 and 1.25 , all x l06, yielding a total mol. wt. of 44-2 × l06. The sizes of all XbaI restriction fragments of RCMV DNA gave a total mol. wt. of 148-2 x l06 for the RCMV genome.
Molecular cloning of RCMV EcoRI and Xbal fragments
Molecular cloning of the RCMV and EcoRI restriction fragments was primarily carried out with unfractionated EcoRI-digested RCMV DNA. We were able to clone 18 of the 24 EcoRI fragments, but EcoRI-A (34 x 106), EcoRI-B (20 x 106), EcoRI-P (2.0 x 106), EcoRI-Q (2.0 x 106), EcoRI-R (1.9 x 106), EcoRI-U (0.7 x 106) and EcoRI-V (0.5 x 106) were not present in the set of about 180 recombinant plasmids thus analysed. When recombinant plasmids without detectable inserts were screened by SDS-PAGE, we identified EcoRI-X (0.2 x 106), which had not been recognized before in the EcoRI digest of RCMV DNA. We next attempted to clone the remaining EcoR! fragments, starting from gel-purified fragments. From the triplet EcoRI-O, P, Q (2.0 x 106), fragments EcoRI-O and P were readily cloned, whereas EcoRI-Q (which was found to be a terminal fragment) could not be cloned. As expected, EcoRI-A (34 x 106) and EcoRI-B (20 x 106) resisted cloning. However, as had not been anticipated, several attempts to Identification of the termini of the RCMV genome Using the first method (3sS-labelled EcoRI linker), as can be seen in lanes 1 and 3 in Fig. 3 . EcoRI-Q and XbaI-Q were labelled. Careful inspection of the autoradiograph revealed the two additional faint bands which are labelled Q' (hardly visible in Fig. 3 ). The identity of these fragments was determined by hybridization of 35 S-labelled fragment XbaI-Q to Southern blot strips of EcoRI-or XbaI-digested RCMV DNA (Fig. 3c , lanes 6 and 7). XbaI-Q clearly hybridized with both XbaI-Q and EcoRI-Q, but also with submolar fragments XbaI-Q' and EcoRI-Q', both of which were larger by 0-35 x 106 than the respective Q fragments. The data indicate that XbaI-Q and EcoRI-Q are colinear, representing one terminus of the RCMV genome and that XbaI-Q" and EcoRI-Q' represent the same terminus of RCMV DNA in a minor population (approx. 20~) and are larger by an additional terminal fragment of 0-35 x 106. We were surprised to have identified only one terminus of the RCMV genome. It should be noted, however, that any labelled fragments smaller than 0.3 × 106 would be masked by contaminating radioactive material as is obvious from Fig. 3 . ND, Not done.
The second strategy, however, using exonuclease III-treated RCMV DNA, yielded additional information. As is shown in Fig. 4 , both EcoRI-A and XbaI-A were greatly affected by exonuclease III treatment. In addition, XbaI-Q completely disappeared after exonuclease treatment for 5 min. Densitometer scanning of the EcoRI restriction patterns at 0 and 15 min revealed that the molar ratio of the triplet EcoRI-O, P, Q (2.0 x 106) was decreased from 3 to 2, suggesting that one fragment, most likely EcoRI-Q, had disappeared. Careful inspection of the ethidium bromide-stained gel revealed that the submolor fragments EcoRI-Q' and XbaI-Q', though not visible in Fig. 4 , had also disappeared.
The data gave rise to the conclusion that EcoRI-A and XbaI-A are colinear, representing one terminus of the RCMV genome and provide additional evidence that Eco RI-Q and XbaI-Q (and the respective Q' fragments) represent the other terminus of RCMV DNA.
The reason why EcoRI-A (XbaI-A) was apparently not end-labelled with the 35S-labelled EcoRI linker is unknown, but this might be because this terminus had a protruding end, which would prevent blunt-end ligation to the 35S-labelled EcoRI linker.
Mapping the EcoRI and XbaI restriction sites
The strategy for mapping the RCMV genome is briefly outlined below. We first analysed the data obtained from hybridization of 35S-labelled XbaI or EcoRI restriction fragments to Southern blot strips of EcoRI-and XbaI-cleaved RCMV DNA. In order to discriminate between closely migrating fragments present in Southern blots we employed the dot-spot Tables  1 and 2 ) provided additional evidence for the colinearity of YbaI and EcoRI fragments. Knowing the termini of the RCMV genome, it was then possible to construct the linear arrangement of the majority of both EcoRI and XbaI fragments of the R C M V genome. Nevertheless, the correct alignment of some fragments remained obscure. Therefore, to establish nearest-neighbour relationships of these fragments, the same sets of 35S-labelled EcoRI or XbaI fragments were hybridized to Southern blot strips containing BgllI-cleaved RCMV DNA. We now present the results in more detail. Hybridization of 35S-labelled XbaI fragments to Southern blot strips of EcoRI-cleaved R C M V D N A yielded data shown in Fig. 5 . For the sake of clarity, strips were combined so as to visualize nearest-neighbour relationships of fragments, as deduced by hybridization of XbaI Fig. 2 . Representative set of RCMV cloned XbaI fragments in plasmid pSP62-PL. RCMV DNA and recombinant plasmids were cleaved with XbaI and electrophoresed in 0.8% agarose gels. Bands were visualized with ethidium bromide. XbaI fragments A, Q, v, Z and a were not cloned. Cloned inserts XbaI-L, 0 and Y, having the same mol. wt. as cloned inserts XbaI-K (2.7 x 106), XbaI-P (2.1 x 106) and XbaI-X (0.98 x 106), respectively, are not included. N A N D C. P. A. V A N probes to common EcoRI fragments. Thus, XbaI fragments are presented in their ultimate linkage order, which can be compared with the data summarized in Table 3 and the complete restriction map shown in Fig. 9 . As is obvious from Fig. 5 , the majority of XbaI fragments could be readily aligned, but the linkages between XbaI-H and E and of XbaI-R and X could not be established because these fragments did not hybridize with a common EcoRI fragment. The correct order of XbaI-V and I, of XbaI-J, Y, O and of XbaI-b, W, R could not be determined because these fragments hybridized to only one EcoRI fragment each (G, E, L, respectively). It should be noted that hybridization data for XbaI fragments L and Z are not presented in Fig. 5 . XbaI-L, which had O.
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Fig. 5. Hybridization of 35S-labelled XbaI fragments of RCMV DNA (Q to A) to Southern blots of EcoRI-cleaved RCMV DNA (A to W). Identical strips from a preparative Southern blot were
hybridized with the 35S-labelled fragment indicated at the top of each strip. The reference strip at the left was hybridized with 35S-labelled RCMV DNA. After hybridization and autoradiography, film strips were aligned to visualize nearest-neighbour relationships of fragments, which are shown in their linkage order as described in the text, Table 3 and Fig. 9 . XbaI-L and Z are not included for reasons described in the text. XbaI-V was slightly contaminated with XbaI-W, explaining a faint hybridization to EcoRI-L (referred to as 'co'). The correct orientation of XbaI fragments marked with stars was deduced from other data shown in Fig. 8 . The arrows separate the three major regions of the genome (see text).
been cloned after completion of the Southern blot analysis, hybridized to EcoRI-J, V and T and was thus linked to XbaI-M and N. XbaI-Z, which is part of the triplet XbaI-X, Y, Z (0-98 x 106) could not be cloned or isolated.
In Fig. 6 , showing the results obtained by hybridization of 35S-labelled EcoRI fragments to Southern blot strips of XbaI-cleaved R C M V D N A , the same procedure as for the alignment of EcoRI fragments was followed. Although the alignment of the majority of the EcoRI fragments could easily be established, the following connections remained obscure. The junction between EcoRI-L and C (which is colinear with the junction XbaI-R and X) could not be established since these fragments did not hybridize to a common XbaI fragment, suggesting a very small overlap by any XbaI or EcoRI restriction site. The correct assignments of EcoRI-O and I could not be determined because both fragments hybridized only to XbaI-E. The hybridization data for four EcoRI fragments are not shown in Fig. 6 for the following reasons. The terminal EcoRI-Q fragment, which is part of the triplet EcoRI-O, P, Q (2.0 x 106) could neither be cloned nor isolated. The fragments EcoRI-V (0.5 x 106), EcoRI-U (0.6 × 106) and EcoRI-R (1.9 × 106) could not be cloned and were analysed after completion of the Southern blot analysis, shown above. It was found afterwards that EcoRI-V hybridized to XbaI-L, indicating the sequence EcoRI-J, V, T, whereas EcoRI-U hybridized to XbaI-N proving the sequence EcoRI-T, U, G. EcoRI-R hybridized only to XbaI-H, indicating that EcoRI-R is connected to EcoRI-M, 
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although the other linkage remained obscure. The fact that EcoRI-R was colinear with XbaI-H (for which linkage to the XbaI-E fragment could not be determined either) gave rise to the conclusion that the XbaI H-E junction is too close to an EcoRI site for the overlap to give a positive hybridization signal. XbaI H-E (EcoRI R-O) and XbaI R-X (EcoRI L-C) thus 'divide' the RCMV genome into three major linkage groups: XbaI-Q to H, XbaI-E to R and XbaI-X to A. The correct orientations of these linkage groups and the positions of some other EcoRI fragments were established by hybridizing the complete set of EcoRI probes to Southern blot strips ofBgllI-cleaved RCMV DNA. As is shown in Fig. 7 , the alignment of EcoRI fragments could be easily recognized by hybridization to common BgllI fragments. The data confirmed the linkages that had already been determined and proved the following junctions : EcoRI R-O by hybridization to BgllI-G and EcoRI I-E by hybridization to BgllI-G, thus leaving EcoRI-O (hybridizing to BgllI-G) between EcoRI-R and I, and finally EcoRI L-C by hybridizing to BgllI-Z.
The correct order of some XbaI fragments was determined by hybridizing the relevant XbaI probes to BgllI Southern blot strips, the results of which are shown in Fig. 8 . XbaI-I appeared to hybridize to both BgllI-F and T and was thus connected to XbaI-V and P. Thus, the correct sequence was XbaI N-V I P.
The linkages XbaI H-E, XbaI E-J, XbaI J-Y, XbaI Y-O and XbaI O-K were established by hybridization to common BglII fragments G, g, W, k and Q, respectively.
XbaI-W and XbaI-b both hybridized only to BglII-L, so that their correct orientation could not be determined. Finally, XbaI-R was linked to XbaI-X by hybridization to BglII-Z.
The data accumulated so far were consistent (summarized in Table 3 ) and allowed us to construct the complete EcoRI and XbaI restriction maps of the RCMV genome, which is presented in Fig. 9 . Cloning and physical mapping of RCMV DNA Fig. 6 . Hybridization of 3sS-labelled EcoRl fragments of RCMV DNA (J to A) to Southern blots of XbaI-cleaved RCMV DNA (A to b). Identical strips from a preparative Southern blot were hybridized with the 35S-labelled fragment indicated at the top of each strip. The reference strip at the left was hybridized with 3sS-labelled RCMV DNA. After hybridization and autoradiography, film strips were aligned to visualize nearest-neighbour relationships of fragments, which are shown in their linkage order as described in the text, Table 3 and Fig. 9 . Fragments EcoRI-Q, V, U and R are not included for reasons described in the text. The correct orientation of EcoRI fragments marked with stars was deduced from other data shown in Fig. 7 . The arrows separate the three major regions of the genome (see text).
DISCUSSION
In this communication we have described the construction of recombinant plasmids containing EcoRI or XbaI restriction fragments of RCMV DNA with the goal of obtaining sufficient amounts of specific D N A fragments for mapping the RCMV genome and for further studies concerning the characterization and expression of the genes of RCMV.
We have previously reported the HindIII, EcoRI, BamHI and BgllI restriction patterns of RCMV DNA in which several submolar restriction fragments were recognized (Meijer et al., 1984) . By summing the molecular weights of the fragments, the mol. wt. of the RCMV genome was calculated to be about 138 × 10 6. However, the restriction patterns shown in the present Using two different experimental approaches we have obtained strong indications that a major population of the RCMV DNA (80~o) has EcoRI-A and Q (XbaI-A and Q) as termini, whereas in a minor population (approx. 20%), the XbaI-Q (EcoRI-Q) terminus is larger by 0.35 x 106 (represented by XbaI-Q' or EcoRI-Q'). Whether this small terminal fragment is a direct or inverted repeat remains to be investigated. Our mapping did not reveal any internal inverted repeat sequences as has been found for human CMV (Spector et al., 1982) and other herpesviruses (Ebeling et al., 1983a) . Taking all the data together we consider that the general plan of the RCMV genome shows a striking resemblance to that of guinea-pig CMV DNA (Gao & Isom, 1984) , i.e. it consists of one unique DNA sequence without internal repeat sequences whereas there are two populations of CMV DNA molecules, differing only in a small terminal fragment (0.7 x 106 mol. wt.).
The lack of both invertible fragments and extensive repeated sequences has also been observed for other CMVs including human strain Colborn CMV (LaFemina & Hayward, 1980) , and mouse CMV (Mercer et al., 1983 ; Ebeling et al., 1983b) . So far, human CMV appears to be the only CMV species with internal invertible repeated DNA sequences and terminal repeats (Spector et al., 1982; Fleckenstein et al., 1982; Geelen & Weststrate, 1982) , giving rise to the proposal that four different conformations of the human CMV genome exist.
The question whether this particular property might explain the differences in pathology, gene expression and other viral functions between the human and the other CMVs remains a subject for further study. Access to cloned RCMV DNA fragments, and the restriction endonuclease cleavage maps, will allow further studies concerning the characterization and expression of viral genes involved in persistence, latency and reactivation.
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